The purpose of the present study was to determine the frequency of hepatitis B virus (HBV) markers in families of HBsAg-positive patients with chronic liver disease. Serum anti-HBc, HBsAg and antiHBs were determined by enzyme immunoassay and four subpopulations were considered: genetically related (consanguineous) and nongenetically related (non-consanguineous) Asian subjects and genetically related and non-genetically related Western subjects. A total of 165 and 186 relatives of Asian and Western origin were enrolled, respectively. The occurrence of HBsAg and anti-HBs antibodies was significantly higher (P < 0.0001) in family members of Asian origin (81.8%) than in family members of Western origin (36.5%). HBsAg was also more frequent among brothers (79.6 vs 8.5%; P < 0.0001), children (37.9 vs 3.3%; P < 0.0001) and other family members (33.9 vs 16.7%; P < 0.0007) of Asian than Western origin, respectivelly. No difference between groups was found for anti-HBs, which was more frequently observed in fathers, spouses and other non-genetic relatives. HBV infection was significantly higher in children of Asian than Western mothers (P < 0.0004). In both ethnic groups, the mothers contributed more to their children's infection than the fathers (P < 0.0001). Furthermore, HBsAg was more frequent among consanguineous members and anti-HBs among non-consanguineous members. These results suggest the occurrence of vertical transmission of HBV among consanguineous members and probably horizontal sexual transmission among non-consanguineous members of a family cluster. Thus, the high occurrence of dissemination of HBV infection characterizes family members as a high-risk group that calls for immunoprophylaxis. Finally, the study showed a high familial aggregation rate for both ethnic groups, 18/19 (94.7%) and 23/26 (88.5%) of the Asian and Western origin, respectively.
Introduction
Several sero-epidemiological studies on the general and blood-donor populations have identified asymptomatic carriers of the viral surface antigen of hepatitis B (HBsAg). Upon investigation, a significant proportion of those individuals turned out to have some liver injury ranging from minor alterations to chronic active hepatitis, liver cirrhosis and hepatocellular carcinoma (1) . Human chronic hepatitis B virus (HBV) infection is frequent in certain regions of the world, where the prevalence of HBV carriers in the general population is high (2) .
In Brazil, studies on HBsAg prevalence were carried out in the general population, but mainly in volunteer candidates for blood donation (1) . The observed prevalence was 0.3% in the South of the country and 11.3% in the Amazon region (1) . For the State of São Paulo, about 1.0% was found in the capital and 0.3 to 1.3% in the interior of the state (1) .
The prevalence of asymptomatic carriers varies among countries, ranging from low (0.1-2.0%) to medium (2.0-7.0%) and high (8.0-20.0%) (2) . As discussed below, this prevalence also varies within countries from region to region, depending on different factors, such as socioeconomic conditions, the extent of drug addiction, the extent of alcoholism, professional blood donation, homosexual behavior, and there is also a high familial incidence (3) .
The familial occurrence of the HBV infection has been well established for some ethnic groups. Initially, Ohbayashi et al. (4) reported 3 Japanese families in which 36 of the 54 members were HBsAg positive. Of these, some were healthy carriers while others had liver cirrhosis and hepatocellular carcinoma. Similar observations have been reported for the American (5), European (6) and Asian continents (7, 8) . However, there are few comparisons among populations of different ethnic backgrounds living in the same country (8, 9) .
Recently, we showed that family members and household contacts of chronic HBV carriers are at high risk to acquire hepatitis B in an area of low hepatitis B prevalence (10) .
In view of the need to obtain more information about the familial occurrence of HBV in Brazil and to compare it among different ethnic groups, the purpose of this study was to prospectively determine the familial aggregation, HBV markers in the progeny of infected mothers and fathers, and the frequency and analysis of variance of HBV markers per ethnic group and degree of familial relation.
Material and Methods

Patients
Nineteen patients of Japanese background and 26 of Western origin were attended at the Hepatology Branch, Discipline of Clinical Gastroenterology, University of São Paulo School of Medicine. These patients were considered to be the probands (index cases) and after their first visit their relatives were prospectively studied as two groups in terms of familial relation, i.e., i) genetically related persons consisting of consanguineous individuals (parents, brothers, sisters, sons, daughters, grandparents, aunts, uncles, cousins, nieces, and nephews), and ii) nongenetically related persons consisting of nonconsanguineous individuals (husbands, wives, brothers-in-law, sisters-in-law, and others that could directly or indirectly be in contact with the family). A total of 165 relatives of Asian (Japanese) background and 186 of Western origin were enrolled after being invited and giving informed consent to participate in the study.
Inclusion criteria
Probands were HBsAg-seropositive individuals with chronic liver disease such as chronic hepatitis, liver cirrhosis and hepatocellular carcinoma, diagnosed by liver biopsy. The parents of the probands belonged to the same ethnic group. Children of mixed marriages were not included in the study.
Methods
All study procedures were approved by the institutional review board of the Department of Gastroenterology, University of São Paulo School of Medicine, São Paulo, SP, Brazil.
Seroimmunologic markers for present (anti-HBc and HBsAg) and past (anti-HBc and anti-HBs) HBV infection were searched for in the relatives of the index cases.
Identification
For each index case and respective relatives, the parameters age, sex, ethnic origin, and degree of familial relation were evaluated.
HBsAg, anti-HBc and anti-HBs determination
The presence of anti-HBc, HBsAg and anti-HBs in serum was determined by the enzyme immunoassays provided by Abbott Laboratories (North Chicago, IL, USA), with a sensitivity, specificity and reproducibility of 100, 95 and 100% for Corzyme, of 100, 100 and 100% for Auszyme II, and of 100, 100 and 100% for Ausab, respectively (11) .
Statistical analysis
The mean age of probands in both ethnic groups (Asian and Western) was compared by the t-test and categorical variables were compared by the chi-square or Fisher exact test. The influence of origin (Asian and Western) and degree of familial relation (genetic and non-genetic) on the serum immunologic markers was evaluated by linear model methods as reported by Grizzle et al. (12) and Koch et al. (13) . Four subpopulations were considered on the basis of ethnic group and degree of familial relation (Asian, genetically related; Asian, non-genetically related; Western, genetically related; Western non-genetically related). The results of the HBV serum markers were considered to be the response variable (HBsAg, anti-HBs and negative). The calculations were made using the SAS System according to the CATMOD procedure (14) .
Results
Index cases
Nineteen patients of Asian origin and 26 of Western origin were the probands, who did not differ significantly in terms of gender (11 males/8 females and 21 males/5 females, respectively; P = 0.0945) or mean age (39.8 ± 11.3 (19-63) and 34.5 ± 17.3 (7-61) years old, respectively (P > 0.05).
Familial HBV markers
Serum samples from relatives were first screened for hepatitis B infection and subjects positive for anti-HBc were selected.
HBsAg and anti-HBs
The overall frequency of both HBsAg and anti-HBs was 135/165 (81.8%) for relatives of Asian origin and 68/186 (36.5%) for relatives of Western origin (P < 0.0001). Significant differences in 106/134 (79.1%) and 38/143 (26.5%) were also observed between the brothers and sisters (P < 0.0001), sons and daughters (P < 0.0001) and other relatives (P < 0.0007) of the two groups (Asian and Western), as shown in Table 1 . In contrast, among the parents of the probands the difference in 17/17 (100%) and 17/23 (73.9%), respectively, of Asian and Western origin, only tended to be significant (P = 0.0578). The small number of cases of fathers and mothers of the index cases was compensated for with the inclusion of other parents belonging to the same kinship.
HBsAg
A significant difference (P = 0.0001) in the frequency of HBsAg was detected between Asian relatives, 79/165 (47.9%), and Western relatives, 10/186 (10.7%). Concerning the degree of familial relation, there was a significant difference between the two groups regarding the mothers, brothers and sisters and sons and daughters.
Anti-HBs
The anti-HBs frequency found for the Asian relatives was 56/165 (33.9%) and did not differ significantly (P = 0.1209) from that of the Western group, 48/186 (25.8%). Regarding the degree of familial relation, a significant difference was observed only for the parents and other family relatives.
Frequency of familial aggregation rate per ethnic group
The familial aggregation frequency, given by the number of families having at least one HBsAg-or anti-HBs-positive member (except the index case) in relation to the total number of families studied, was 94.7 and 88.5% for the Asian and Western groups, respectively (P = 0.4319; Table 2 ).
HBV markers in the progeny of HBsAgpositive mothers
The progeny of 16 mothers of Asian origin and 7 of Western origin was studied (Table 3) ; of the 67 subjects of Asian origin, 56 (83.6%) presented HBsAg and 5 (7.5%) anti-HBs, whereas of the 20 subjects of Western origin, only 8 (40%) presented HBsAg and 4 (20.8%) anti-HBs (P = 0.0004).
HBV markers in the progeny of HBsAgpositive fathers
Ten fathers of Asian origin and 20 of Western origin were enrolled in the study (Table 4) . Of the 30 subjects of the Asian progeny, 7 (23.3%) were HBsAg positive and 7 (23.3%) anti-HBs positive. For the 69 Western descendents, the markers were de- tected in 8 (11.6%) and 6 (8.7%) members, respectively (P = 0.0255).
HBV markers in progeny from fathers or mothers (HBsAg) of Asian origin
Nine HBsAg-positive fathers and 15 HBsAg-positive mothers with a 26-and 63-member progeny, respectively, were enrolled in this investigation. HBsAg was detected in 3 (11.6%) and anti-HBs in 7 (26.9%) members of the first group, while for the second group, 52 (82.6%) were found to be HBsAg positive and 5 (7.9%) anti-HBs positive, with a significant difference between groups (P < 0.0001). The results for one family were excluded from the analysis because both father and mother were HBsAg positive.
HBV markers in progeny from fathers or mothers (HBsAg) of Western origin
Eighteen HBsAg-positive fathers with a progeny of 64 children and 5 mothers with a progeny of 15 children were studied. HBsAg was detected in 7 (10.9%) and anti-HBs in 6 (9.4%) of the 64 descendants of the first group, while for the 15 descendants of the second group, HBsAg was found in 7 (46.6%) and anti-HBs in 4 (26.7%) individuals (P = 0.0002). The results for two families were excluded from the analysis because both father and mother were HBsAg positive.
Frequency of HBV markers in the progeny of fathers or mothers (HBsAg) of Asian and Western origin
Progenies consisting of 90 and 78 individuals from 27 fathers and 20 HBsAg-positive mothers, respectively, were investigated. HBsAg was detected in 10 individuals (11.1%) and anti-HBs in 13 (14.4%) individuals in the first group, whereas in the second group the frequency found for these markers was 75.7% (59/78) and 11.5% (9/ 78), respectively (P = 0.0001).
Frequency of HBV markers per ethnic group and degree of familial relation
The frequency of HBV markers according to ethnic origin (Asian and Western) and the degree of familial relation (genetic and non-genetic) were compared and are presented in Table 5 . Analysis of variance showed a significant difference in both comparisons. Since the interaction between ethnic group and familial relation was not significant, the model was adjusted taking into consideration only the main effects. Finally, analysis of categorical data showed full agreement between the observed and expected probabilities (Table 6 ).
Discussion
Families represent an excellent model for the study of qualitative and quantitative features concerning host response to certain etiologic agents and transmission mechanisms through people exposed to a variety of environmental characteristics. Family studies have proved to be important for obtaining information about viral hepatitis B, which shows few clinical symptoms but a clear trend to chronicity (5) .
The mechanisms of hepatitis B transmission are not fully understood, but they seem to involve several aspects and the genetic component, in particular, is still being debated (15-17). Despite all of these unclear features, few worldwide large-scale studies are available, including geographic areas of low and high incidence of HBV infection. Numerous reports of families with multiple cases of acute and chronic hepatitis B (5,18,19 ) have confirmed the possibility of familial clustering. However, they are of little value for estimating the frequency of these events in the population and for the understanding of certain aspects of HBV familial clustering (20) .
On the basis of information from outside Brazil (6) and of preliminary Brazilian data (1) about relatives of HBV-positive patients with liver disease, two populations of distinct ethnic origins are described in the present report, i.e., the relatives of Brazilian probands of Asian and Western origin. The choice was based on the fact that immigrants of these two ethnic groups correspond to a relatively large proportion of the population of the State of São Paulo. In fact, São Paulo contains the largest Japanese descendant population after Japan.
Indeed, one of the main objectives of the present study was to determine whether our data are similar to those reported by others in the literature (4, 5, (20) (21) (22) .
Concerning the inclusion criteria, it is worth mentioning work by other investigators. Bruguera et al. (21) studied 100 relatives of 29 patients with chronic HBV-related liver disease admitted to the Hospital of the University of Barcelona. HBsAg was detected in 12 members of the families studied and, of these, 8 were asymptomatic HBV carriers, 1 had cirrhosis and 3 progressed to acute hepatitis. There was no report of parenteral exposure among the familial contacts. The HBsAg frequency (12.0%) in the families was considerably higher than the prevalence of the antigen in patients (0.3%) without liver disease and in volunteer blood donors (0.4%).
The same group from Barcelona (20) published a study of familial contacts of probands with acute hepatitis and chronic hepatitis and healthy HBV carriers, and determined the occurrence of HBsAg and antiHBs compared to volunteer blood donors. The prevalence of these markers was significantly higher among the 178 relatives (39.2%) with domestic contact with the 54 HBsAg carriers than in the control group of 834 blood donors (12.1%; P < 0.001). The authors concluded that the risk of acquiring HBV infection for the relatives of patients with some HBV-related liver disease (acute = 33.0%; chronic = 46.3%) was higher than for individuals with no familial case of liver disorders (13.4%; P < 0.01). Similar data were reported by others (5, 22) .
Due to the relevance of these results and the ease to study patients with chronic liver diseases compared to patients with the acute forms, the families of the chronic cases were given priority in this study. The existence of a member with a chronic form of liver disease greatly motivates the family to join the study (Carrilho FJ and Da Silva LC, unpublished data).
Searching for HBsAg and anti-HBs has been generally adopted to detect present or past HBV infection (23) . Anti-HBc is also another widely used marker of HBV infection (9) .
The probands of Asian and Western origin were not significantly different regarding age and gender. The present study showed that the general occurrence of the HBsAg and anti-HBs markers, which indicate HBV contact, was 81.8% for the Asian families and 36.5% for the Western families (Table  1) . This difference in the percent of members of a group who are HBsAg and antiHBs positive was significant and our data are similar to those of Ohbayashi et al. (4) in Japan (79.9%) and of Tong et al. (8) in members of Chinese families living in the United States compared to members living in the Orient. However, our findings are also similar to those reported by various European (26.0-71.1%) (20, 24) and American investigators (32.0-46.0%) (9, 22) regarding Western people.
HBsAg was found in 90.0% of the mothers, 79.6% of the brothers and sisters and 37.9% of the progenies of Asian origin and, for the Western equivalents, in 30.7, 8.5 and 3.3%, respectively. These differences are significant and suggest, especially for the Asian subjects, that vertical or perinatal transmission from mothers is the most important way of acquiring HBV infection, as will be seen later. These results also agree with the literature for all groups (5, 22) .
The presence of anti-HBs, which in most cases indicates a host immune response to HBV and past infection (23) , was detected in 33.9% of the members of the Asian families and in 25.8% of the members of families of Western origin. This difference was not significant, and the literature has reported the occurrence of this antibody in Asian (5, 9) and Western subjects (9, 20, 25) .
Anti-HBs antibodies were detected in 100% of the fathers and in 78.6% of the persons who are married to or are having an intimate (sexual) relationship with people of Asian origin. For those of Western origin, the occurrence was 40.0 and 70.0%, respectively, with a significant difference between the groups of Asian and Western fathers.
It is worth emphasizing that there is no similar concomitant study with these two ethnic groups (Japanese and Western) in the literature.
In general, 41 (91.1%) of the 45 families presented familial clustering, characterized by the existence of members (except the index case) with signs of present (HBsAg positive) or past (anti-HBs positive) infection. This clustering occurred in 94.7 and 88.5% of the Asian and Western families, respectively (P = 0.4319; Table 2 ). These values are higher than those reported by Bruguera et al. (20) (10, 20, 26) .
The analysis of the HBsAg and anti-HBs markers in progenies of mothers or fathers positive for the antigen was carried out by considering all the familial possibilities; for instance, children from a genetically related relative of the index case were also included to increase the sampling for statistical analysis. The analysis of the HBV markers and of the degree of familial relation revealed that HBsAg was more frequent among genetically related individuals, whereas antiHBs was more prevalent among non-genetically related individuals ( Table 5 ). The Asian subjects showed an alarmingly high frequency of HBsAg among genetically related relatives such as parents, brothers, sisters, children (47.9%, Table 1 ), as well as other genetically related members of the family (60.3%, Table 1 ).
The present results show that: 1) there is a high frequency of intra-familial HBV spreading, especially in families of Asian origin, and 2) applying a certain statistical methodology (12) (13) (14) allows the prediction of the frequency of HBV markers per ethnic group and per degree of familial relation. In fact, the observed values agree with the expected ones (Table 6 ). This is a valuable contribution of practical usefulness and, as far as we know, there is no similar report in the literature. 3) Among the families of both ethnic groups, the infected mothers are the most likely to spread HBV, a fact strongly suggesting that vertical transmission is an important way of getting the infection. On the other hand, the non-genetically related relatives presented a higher tendency to develop anti-HBs upon contact with HBsAgpositive carriers. The reason is that the contact with HBV is in the adult phase, when the possibility to eliminate the virus is more likely.
The present results have shown fundamental differences in the occurrence of HBsAg between families of Asian and West-ern origin, as also reported by others (9, 27) . It is worth noting, however, the lack of studies including different ethnic groups from a single country. In general, studies of this kind have shown that the spreading and persistence of HBV are more efficient among Asian people than other ethnic groups (9, 28, 29) . To explain this phenomenon, hypotheses have been raised concerning environmental, nutritional and genetic factors, but they are unproved (17, (30) (31) (32) (33) (34) (35) (36) (37) .
HBsAg carriers should be clinically investigated, monitored by laboratory tests and, if appropriate, submitted to a biopsy (3) . The practice of these prophylactic measures including active immunization has significantly decreased the incidence of HBV infection in both Western and Asian countries (38, 39) .
The search for other HBV markers (HBeAg, anti-HBe, HBsAg subtypes, and HBV genotyping) among the relatives of patients is currently under investigation by our group (40) .
